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Production of angiotensinogen and renin-like activity by rabbit proxi-
mal tubular cells in culture. Recent studies suggest the presence of local
angiotensin generating system in the kidney. By using in situ hybrid-
ization technique, mRNA for angiotensinogen has been shown to be
present in the proximal tubule. In the present study, we have attempted
to examine the production of angiotensinogen and renin-like activity by
the proximal convoluted (PCT) and straight (PST) tubular cells. PCT
and PST cells were obtained from microdissected rabbit proximal
tubules and cultured in vitro. Angiotensinogen and renin-like activity
were quantitated in culture media and cell lysates. It was found that
PCT culture medium contained both angiotensinogen and renin-like
activity, whereas only angiotensinogen was detected in PST culture
medium. Support for de novo synthesis is provided by the observation
that both angiotensinogen and renin-like activity in PCT culture me-
dium increased in a time-dependent and hormone-sensitive manner in
defined serum-free medium. These results thus demonstrate the actual
production of angiotensinogen and renin-like activity by proximal
tubular cells, and indicate that these locally synthesized components
may contribute to the regulation of angiotensin generation in renal
proximal tubule.
The possibility that angiotensin II may be synthesized in the
kidney has been suggested on the basis of differences in renal
arterio-venous and interstitial angiotensin II concentrations
[1—4]. Since angiotensin II is a potent regulator of renal hemo-
dynamics and tubular transport [5—7], the presence of local
renin-angiotensin system in the kidney may have important
physiological and pathophysiological implications. Components
of the renin-angiotensin system have been localized in the
kidney by immunohistochemical techniques [8—111. The hy-
pothesis that components of renin-angiotensin system may be
produced locally has gained further support from the presence
of both renin and angiotensinogen mRNA in renal cortex and
medulla [12—16]. In particular, angiotensinogen mRNA has
been localized in proximal tubules [16]. The aim of the present
study was to determine whether proximal tubular cells, culti-
vated in vitro from microdissected rabbit renal proximal con-
voluted (PCT) and straight (PST) tubules, can locally synthesize
angiotensinogen and renin-like activity, and whether synthesis
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Methods
In vitro cell culture
Cultured proximal tubular cells from convoluted and straight
segments were prepared as previously described [17]. In brief,
kidneys were obtained from New Zealand White male rabbits
(1.5 to 2 kg body wt). Segments of superficial PCT and PST
were dissected freehand under the dissecting microscope within
90 minutes of sacrifice at 4°C in culture medium (DME:HAM
Fl2 with 10 m Hepes and 5 mr's glutamine, pH 7.4, Irvine
Scientific, Irvine, California, USA) containing 0.4% bovine
serum albumin. Five to ten pieces of tubules (0.5 to 1.5 mm
each) in 80 jd of dissecting medium were explanted onto plastic
tissue culture dishes (66 x 66 mm 4-well multidish, Nunc
Interlab, Thousand Oaks, California, USA). Dishes were pre-
coated with a thin film of 0.5% collagen (Type 1, Sigma
Chemical Co., St. Louis, Missouri, USA) which was neutral-
ized by ammonium fume and fixed with 4% glutaraldehyde.
Extreme care was taken to explant tubules free of fibrous tissue
or other nephron structures. Serum-supplemented culture me-
dium containing 10% fetal calf serum and antibiotics (200 p.g/ml
penicillin, 150 g/ml streptomycin) was used during the first
week to initiate outgrowth of tubule cells. To remove plasma
renin and angiotensinogen from the culture medium, medium
was changed to serum-free medium supplemented with antibi-
otics and defined hormones (5 g/ml bovine insulin, 5 ig/ml
human transferrin, S x 10—8 M hydrocortisone) at the end of the
first week and renewed every three to four days. At the end of
the third week when cells generally reached confluence, me-
dium was exchanged and both cells and culture medium were
harvested at time intervals specified. The in vitro cultured
proximal tubular cells thus obtained have previously been
shown to retain their specific morphological and functional
characteristics [17]. Media were stored frozen for assays of
angiotensinogen and renin activity. In some experiments, cell
lysates obtained by repeated freezing and thawing for three
times were assayed for angiotensinogen and renin activity to
determine the intracellular concentrations of these proteins.
can be altered by hormones and by inhibition of the renin
cascade.
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Fig. 1. Angiotensinogen and renin activity in proximal convoluted
(PCT) and straight (PST) tubule culture media. Culture medium was
harvested three days after the last exchange. Angiotensinogen was
detected in both PCT and PST media with a trend of higher levels in
PCT medium. Renin activity was detected only in PCT but not PST
medium. (Mean SE, N = 6).
Time, day Time, day
Fig. 2. Time-dependent increase in angiotensinogen level and renin
activity in PCT medium. Culture medium was harvested immediately
and two and four days after the last exchange. With longer incubation
time, more angiotensinogen and renin activity were accumulated in the
culture medium. (Mean SE, N = 5).
Angiotensinogen and renin activity assays
Both angiotensinogen and renin and/or renin-like activity in
the collected culture medium were determined by methods
described previously [181. In brief, angiotensinogen was quan-
titated by a radioimmunoassay for angiotensin I following
incubation of media with renin and expressed as ng of angio-
tensin I per mg of cell protein. The renin activity was quanti-
tated by measuring the rate of angiotensin I formation in the
media following addition of exogenous angiotensinogen, and is
expressed as ng of angiotensin I formed per hour per mg of cell
protein. The substrates used for these assays were obtained
from rabbit kidneys and plasma. Cell protein was quantitated
using Coomassie Brilliant Blue G250 with bovine serum albu-
min as the reference protein [19]. Results are expressed as mean
SE, and compared by Student's t-test for paired and unpaired
samples as appropriate.
Results
As is shown in Figure 1, angiotensinogen was detected in the
culture medium obtained from both PCT and PST cells. No
angiotensinogen was detected in lysates of PCT and PST cells
or in culture medium, which was exchanged in a similar fashion
but without tubules explanted. Renin activity was observed
only in medium from PCT cells (Fig. 1). As with angiotensino-
gen, renin activity was not evident in lysed cells from either cell
type or in culture medium not exposed to tubules. Both
angiotensinogen and renin activity in the culture medium ob-
tained from PCT cells were found to increase with time in the
absence of serum from the mejia (Fig. 2).
When PCT cells were incubated for three days in serum-free
medium in the absence of hormone supplementation (insulin,
transferrin and hydrocortisone) angiotensinogen release into
the culture medium was significantly reduced, with no signifi-
cant effect on renin activity (Fig. 3). With PCT cells in hormone
supplemented medium, addition of the renin inhibitor, pepstatin
(lO- M), inhibited renin activity and raised the angiotensinogen
Control Hormone-
free
Fig. 3. Effect of hormone-free medium on angiotensinogen level and
renin activity in PCT medium. Culture medium was harvested three
days after the last exchange using the medium with or without hor-
mones (insulin, transferrin and hydrocortisone). The angiotensinogen
level was significantly lower when hormone-free medium was used (P <
0.05). With hormone-free medium, there was also a trend of lower renin
activity but did not reach the statistical significance. (Mean SE, N =
4).
level in the culture medium (Fig. 4). The intactness of cells after
three days exposure to either hormone-free medium or pepsta-
tin was inferred from the unchanged cell morphology under
light microscope and the exclusion of trypan blue from more
than 95% of the cells.
Discussion
The data presented in this study indicate that proximal
tubular cells synthesize angiotensinogen and enzyme(s) capable
of cleaving the N-terminal decapeptide from angiotensinogen to
release angiotensin I (Fig. 1). The presence of angiotensinogen
and renin or renin-like enzymes in the culture media are not due
to contamination, since neither angiotensinogen nor renin ac-
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Fig. 4. Effect of pepsratin on angiotensinogen level and renin activity
in PCT medium. Culture medium was harvested three days after the last
exchange using the medium with or without pepstatin (10—s si) added.
Addition of pepstatin significantly suppressed the renin activity (P <
0.02) and raised the angiotensinogen level (P < 0.05). (Mean SE, N =
5).
tivity was detected in culture media not exposed to tubular
cells. The absence of renin activity in PST cells which were
incubated under identical conditions further supports this as-
sertion. However, the most convincing evidence in favor of de
novo synthesis is the observed time and hormone-supplemen-
tation dependent increase of angiotensinogen and renin activity
in the media. Both angiotensinogen and renin-like activity were
not detçcted in cell lysates. Although this could be due to the
effect of repeated freezing and thawing, the absence of these
substances in cell lysates may indicate that these proteins are
not stored within the cells but rather are released into the
medium. This possibility, however, also does not preclude that
angiotensin can be produced within PCT cells.
The production rate of angiotensinogen was higher in PCT
(11.5 5.0 ngImgI72 hr) than in PST cells (8.0 3.0 ng/mg172
hr) which, however, did not reach statistical significance (Fig.
IA). Although angiotensinogen production rates in other tissues
were not examined in this study, a rate of 0.2 ng/mg/hr was
reported previously in hepatocyte [201. Assuming a linear
increase with time, a production rate of 14.4 ng/mg/72 hr can be
estimated for hepatocyte. It may thus appear that the angioten-
sinogen production rates, expressed as per unit cell protein, are
similar between proximal convoluted tubular cells and hepato-
cyte.
The renin activity was detected only in PCT culture medium
(Fig. 1). Whether this is due to renin itself or other renin-like
tissue enzymes capable of cleaving the N-terminal decapeptide
from angiotensinogen remains to be determined. By using in
situ hybridization technique, renin mRNA has been found to
distribute mainly to juxtaglomerular and vascular cells in rat
kidneys [14, 15]. Whether or not rabbit PCT cells contain renin
mRNA is not known. On the other hand, the absence of renin
activity in PST culture medium may indicate that PST cells are
not capable of producing renin or other renin-like peptidases.
Alternatively, inactive precursor forms of renin may have been
produced. No attempt was made in this study to activate any
potentially inactive renins or renin-like enzymes.
The observation that pepstatin inhibited renin activity and
raised angiotensinogen levels (Fig. 4) may merely reflect de-
creased metabolism of this prohormone. On the other hand,
since the renin-angiotensinogen reaction is in general substrate
limited, the results may indicate the presence of a local regula-
tory feedback mechanism to maintain angiotensin levels. It is
also interesting to note that hormone supplementation stimu-
lated angiotensinogen synthesis, but had no significant influence
on the renin activity (Fig. 3), indicating distinct differences in
the regulation of these systems.
These studies demonstrate the production of angiotensinogen
by renal proximal tubular cells and extend the recent reports
that angiotensinogen mRNA exits in this nephron segment [161.
In addition, PCT cells also produce renin or renin-like enzymes.
Together with angiotensin converting enzyme present in the
brush border membranes [21], it appears that PCT cells are fully
capable of local angiotensin II production. In a recent report, a
significantly higher angiotensin II concentration than that in the
circulation was found in the luminal fluid along the superficial
proximal tubules collected by in vivo micropuncture technique
[221. It is conceivable that the locally produced angiotensin Ilin
the early PCT may gain access to its lumen and partly contrib-
ute to this higher luminal angiotensin II. Since angiotensin II is
known to be a potent stimulus for proximal tubule sodium and
bicarbonate transport, the production of angiotensin II by
proximal tubular cells could furnish an important local regula-
tory mechanism for ion transport. The regulation and the
potential physiological and pathophysiological significance of a
local renin-angiotensin system in the renal proximal tubule
awaits future studies to be elucidated.
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